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Background: In liver surgery different transection techniques are available without clear evidence
regarding indication and advantage for each technique.
The aim of this study was to identify the most superior liver transection technique between the different
techniques (stapler, water-jet and electrocautery). Comparative analyses were performed for minor and
major hepatectomies.
Methods: In a single-center study, all liver resections performed between July 2007 and July 2012 were
prospectively recorded and analysed.
Results: 366 liver resections were included according to predeﬁned eligibility criteria.
No clear beneﬁt for one particular technique in minor or major hepatectomy could be shown. Cost-
effectiveness analysis revealed disadvantages for stapler-hepatectomies. However, minor hepatec-
tomies were performed with signiﬁcantly lower morbidity (p < 0.001), lower operating time (p ¼ 0.001),
fewer need of transfusion (p < 0.0001) and shorter ICU stay (p ¼ 0.001) than major hepatectomies.
Conclusions: If possible, minor hepatectomies should be chosen. Competing techniques, selected ac-
cording to surgeon’s preference, revealed no signiﬁcant differences in primary outcome measures.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Liver surgery is still associated with considerable morbidity.
Prior to the introduction of modern transection techniques, mor-
tality rates, mostly as a result of bleeding following liver resections,
were high and frequent.1 The reduction of intraoperative blood-loss
has not only been shown to inﬂuence short term outcomes, but also
long-term results.2 It has been reported that disease-free survival
after liver resection for malignancies is associated with the number
of perioperative blood transfusions.3 Biliary complications are the
second most common cause of morbidity, with a 5e15% rate of
biliary leakage4 and are, interestingly, related to the number of
blood transfusions.3 To reduce the risk of complications, surgical
techniques for liver transection were improved.5 While liverent of General, Thoracic and
arus, Technische Universität
ny. Tel.: þ49 351 45818353;
den.de (C. Riediger).
ciates Ltd. Published by Elsevier Lttransection had formerly been carried out with a scalpel or by
ﬁnger fracture technique, more advanced methods are currently
available.6e8
Themost important surgical techniques generally used today for
liver resection are the ﬁnger fracture or crush/clamp technique, the
cavitron ultrasonic surgical aspirator (CUSA, Cavitron, Inc. Stanford,
Conn., USA), the water-jet, the stapler and monopolar or bipolar
electrocautery. Another sophisticated method, not yet routinely
used, is radiofrequency-assisted liver resection (HABIB, Unomed,
Switzerland).9e18 Recently, different sealing devices such as ultra-
sound scissors and harmonic scalpels (Ultracision, Ethicon, Nor-
derstedt, Germany), as well as the electrothermal bipolar vessel
sealing system (EBVS) (LigaSure, Covidien, Germany) have gained
more importance in liver surgery.19e23
Due to improvements in technology, morbidity and mortality
rates in liver resection have decreased dramatically over the last
two decades.24 Perioperative mortality rates are reported with less
than 5% and morbidity rates vary between 20 and 40%.25e27
Even though there are many different techniques available, the
optimal transection technique is still missing. A number of studies
have compared various methods, with differing results. However,d. All rights reserved.
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minor or major liver resection is not available.28e30
In this study, a comprehensive comparative single-center anal-
ysis of 366 liver resections was performed to identify the superior
liver transection technique for minor and major hepatectomies.
Comparative analyses between stapler, water-jet and electrocau-
tery for minor hepatectomies and between stapler and water-jet
dissection in major hepatectomies were performed.
2. Methods
2.1. Patients
In this single-center study, all patients’ data of patients receiving a liver resec-
tion were prospectively recorded between July 2007 and July 2012 in an electronic
database and analysed. Patient characteristics, pre- and postoperative treatment,
laboratory values, operative procedures, intra- and perioperative data, complica-
tions, hospital stay, etc. were prospectively recorded in the database. Analysis of
surgical procedures included anatomical segmentectomies, non-anatomicalCohort 1 (n=111)
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Fig. 1. Overview showing the formation of groups for further ansegmentectomies, right and extended right hemihepatectomies, as well as left and
extended left hemihepatectomies.
For preoperative imaging and surgical planning, at least one computed scanwas
performed. Patients who received liver resections during another operation such as
colorectal resection, gastrectomy, esophagectomy or pancreatectomy, were
excluded from the analysis. Smallest atypical liver resections in terms of resectional
biopsies during laparotomy or diagnostic laparoscopy were mostly classiﬁed as bi-
opsies and were also excluded.
In a ﬁrst assessment the whole cohort was analysed in regard to major and
minor liver resection. In a second evaluation the surgical techniques usedmost were
then compared for minor and major liver resections. A detailed overview is given in
Fig. 1.2.2. Liver transection techniques/surgeons
Transection techniques included in this analysis were stapler transection (GIA
Autosuture Universal stapler, Covidien, Germany), water-jet (Hydro-Jet, Erbe,
Tuebingen, Germany) and electrocautery for minor liver resections. For major liver
resections stapler transection technique (GIA Autosuture Universal stapler,
Covidien, Germany) and water-jet (Hydro-Jet, Erbe, Tuebingen, Germany) werely 2007-
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alyses out of 366 liver resections included in this analysis.
Table 1
Patients’ characteristics of n ¼ 366 patients as well as for minor and major liver
resections.
Whole cohort
n ¼ 366
Major hepatic
resections
n ¼ 111
Minor hepatic
resections n ¼ 255
Median
Age (years) 64 (range 17e87) 64 (range 17e87) 65 (range 20e86)
Gender
Male 210 (57.4%) 65 (58.6%) 145 (56.9%)
Female 156 (42.6%) 46 (41.4%) 110 (43.1%)
ASA ASA I: 30 (8.2%) ASA I: 8 (7.2%) ASA I: 22 (8.6%)
ASA II: 213 (58.2%) ASA II: 70 (63.1%) ASA II: 143 (56.1%)
ASA III: 116 (31.7%) ASA III: 33 (29.7%) ASA III: 83 (32.5%)
ASA IV: 6 (1.6%) ASA IV: 0 ASA IV: 6 (2.4%)
ASA V: 1 (0.3%) ASA V: 0 ASAV: 1 (0.4%)
Hepatitis B 11 (3%) 5 (4.5%) 6 (2.4%)
Hepatitis C 17 (4.6%) 3 (2.7%) 14 (5.5%)
Liver cirrhosis 54 (14.8%) 13 (11.7%) 41 (16.2%)
MELD score Median 7
(range 6e23)
Median 7
(range 6e8)
Median 7
(range 6e23)
Pre-treatment 124 (33.9%) 47 (42.3%) 77 (30.4%)
CTX 97 (26.5%) 34 (30.6%) 63 (24.9%)
RFA 8 (2.2%) 2 (1.8%) 6 (2.4%)
TACE 25 (6.8%) 17 (15.3%) 8 (3.2%)
Radiation 15 (4.1%) 4 (3.6%) 11 (4.3%)
Preliminary
liver
resection
76 (20.8%) 16 (14.4%) 59 (23.3%)
ASA ¼ American Society of Anesthesiologists; MELD ¼ model of endstage liver
disease; CTX ¼ chemotherapy; RFA ¼ radiofrequency ablation; TACE ¼ transarterial
chemoembolization.
Table 2
Indication for liver resections of n¼ 366 patients as well as for minor andmajor liver
resections.
Whole cohort
n ¼ 366
Major hepatic
resections
n ¼ 111
Minor hepatic
resections
n ¼ 255
Malignancies 287 (78.4%) 96 (86.5%) 191 (74.9%)
HCC 67 (18.3%) 23 (20.7%) 44 (17.3%)
CCC (incl. GBC) 43 (11.7%) 24 (21.6%) 19 (7.5%)
Metastases 167 (45.6%) 43 (38.7%) 124 (48.6%)
Others 10 (2.7%) 6 (5.4%) 4 (1.6%)
Benign tumors 57 (15.6%) 12 (10.8%) 45 (17.6%)
Cysts 25 (6.8%) 1 (0.9%) 24 (9.4%)
FNH 8 (2.2%) 0 8 (3.1%)
Adenoma 7 (1.9%) 3 (2.7%) 4 (1.6%)
Haemangioma 5 (1.4%) 1 (0.9%) 4 (1.6%)
Others 12 (3.3%) 7 (6.3%) 5 (2%)
Liver injury 22 (6%) 3 (2.7%) 19 (7.5%)
HCC ¼ hepatocellular carcinoma; CCC ¼ cholangiocarcinoma; GBC ¼ gallbladder
carcinoma; FNH ¼ focal nodular hyperplasia.
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operations included in this analysis were performed by one of 6 experienced liver
surgeons. Analyses of the six surgeons regarding outcome parameters revealed no
signiﬁcant differences (data not shown). Therefore, surgeons could be excluded as
factor affecting the outcome of liver transections in this study.
2.3. Cost calculation
Material costs for the stapler used in our hospital for stapler hepatectomies were
calculated with 108 Euros/stapler (GIA Autosuture Universal stapler, Covidien,
Germany) and 150 Euros/roticulator (Universal load unit, 60 mm/2.5 mm, Covidien,
Germany). Material costs for the water-jet (Hydro-Jet, Erbe, Tuebingen, Germany)
in our hospital were calculated with 100 Euros/operation. Electrocautery did not
induce additional costs.
The total cost for one minute of operation time in our hospital was calculated at
13 Euros/minute.
2.4. Statistical analyses
Statistical analysis was performed using IBM SPSS Statistics software, version 20
(SPSS Inc., Chicago, IL, USA). Data are described by means  standard deviation or,
where appropriate, by median values and interquartile range [IQR]. Explorative
group comparisons were conducted using non-parametric approaches i.e. the
KruskaleWallis test and ManneWhitney U test, as indicated by the number of
groups to be compared. All statistical tests were conducted two-sided, and a p-value
<0.05 was considered to indicate statistical power. In order to sustain maximum
statistical power, no correction of p-values in the course of multiple testing was
performed. However, results of all formal comparisons are thoroughly reported so
that an informal adjustment of p-values may be performed.
3. Results
Following the exclusion process, n ¼ 366 liver resections per-
formed between July 2007 and July 2012 were included in our
analysis.
3.1. Overall cohort and comparison major vs. minor liver resections
1. Patient characteristics
Patients’ general condition and co-morbidities were reﬂected in
the ASA (American Society of Anesthesiologists) score: most pa-
tients were classiﬁed as ASA II (56.8%) or ASA III (30.9%). Patients
presenting with liver cirrhosis n ¼ 54 (14.8%) showed a median
MELD (model of endstage liver disease) score of 7, ranging from 6 to
23. Detailed patient characteristics are shown in Table 1.
2. Deﬁnition of the extent of liver resection
Major hepatic resections were deﬁned as liver resection of at
least 3 anatomical segments, minor resections as resection of less
than3 anatomical segments and all atypical resections. In the cohort
analysed, we recorded n¼ 111major resections (30.3%) and n¼ 255
minor resections (69.7%). In more detail: n ¼ 77 right or extended
right hemihepatectomies (21%) and n ¼ 27 left or extended left
hemihepatectomies (7.4%) were performed. An anatomical seg-
mentectomy was performed in 89 cases (24.4%) whereas non-
anatomical resections were performed in 173 cases (47%).
3. Indications for liver resections
287 (78.4%) patients were operated for malignant and n ¼ 57
patients (15.6%) for benign diseases and 22 patients (6%) required
liver surgery for liver trauma (Table 2).
Separate analysis revealed no signiﬁcantly higher need of intra-
or postoperative transfusion in patients receiving liver transection
for trauma. Noteworthy, that only patients who received primary
liver resection were included in this analysis. Patients treated by
liver packing for acute, severe bleeding without resection of pa-
renchyma were not included in this analysis.4. Surgical techniques
Liver transectionwas performed by the use of a vascular stapler,
monopolar/bipolar electrocautery, water-jet, CUSA and
radiofrequency-assisted liver resections (HABIB). An argon beam
coagulator was available for each operation and used additionally
in most operations (n ¼ 326/366; 89%). Major liver resections were
almost exclusively performed using a stapler or water-jet. In n ¼ 67
cases (‘Others’), liver resections were performed by the use of at
least two combined methods (stapler þwater-jet, etc.); those were
not included in the analysis (Fig. 1/Table 3).
5. Intraoperative management
The median operating time of the overall cohort was 200 min,
with a range of 24e800 min. The median operating time for major
liver resections was signiﬁcantly higher than that of minor re-
sections (p ¼ 0.001) (Table 4).
Table 3
Different liver transection techniques used in major and minor hepatic resections.
Whole cohort
n ¼ 366
Major hepatic
resections
n ¼ 111
Minor hepatic
resections
n ¼ 255
Transection technique
Stapler 153 (41.8%) 81 (73%) 72 (28.2%)
Water-jet 61 (16.7%) 26 (23.4%) 35 (13.7%)
Electrocautery 58 (15.8%) 0 58 (22.8%)
HABIB 16 (4.4%) 1 (0.9%) 15 (5.9%)
CUSA 3 (0.8%) 2 (1.8%) 1 (0.4%)
Other 75 (20.5%) 1 (0.9%) 74 (29%)
HABIB ¼ radiofrequency-assisted liver resections; CUSA ¼ cavitron ultrasonic sur-
gical aspirator.
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Postoperative data is shown in Table 4. Signiﬁcant differences
between minor and major hepatic resections were recorded
regarding the intensive-care unit (ICU) stay, re-operation, mortality
(between day 1 and 42) and the intra-/post-operative need for
transfusion of red blood cells (RBC) and fresh frozen plasma (FFP).
Postoperative complications occurred in 120 cases, resulting in an
overall morbidity of 33%. Surgical complications were recorded in
79 cases (21.6%), whereas medical complications occurred in 74
cases (20.2%). The total rate of morbidity, as well as the frequency of
surgical complications, showed a statistically signiﬁcant contrast
between minor and major hepatectomies, whereas the medical
complications did not reveal any signiﬁcant difference between
both groups. In the overall cohort, the most common surgical
complications were wound infection (7.1%), liver or intra-
abdominal abscess (6.9%) and biliary complications such as ﬁstula
or bilioma (6.9%), whereas non-surgical complications were mainly
pulmonary complications (8.5%), cholangitis (2.7%), renal (2.7%)
and cardiac complications (2.7%).3.2. Comparison of different transection techniques
Major liver resections were predominantly performed by the
use of stapler and water-jet techniques, whereas minor resections
were largely carried out using monopolar/bipolar electrocautery,
stapler and water-jet. Comparative analyses of the different tran-
section techniques were performed for stapler vs. water-jet vs.
electrocautery for minor resections (n ¼ 165) (Table 5), and forTable 4
Intra- and postoperative parameters for the whole cohort and comparison between mi
PPSB ¼ prothrombin complex concentrate; IE ¼ international units.
Whole cohort n ¼ 366 Major hepa
Operating time (minutes) Median 200 (range 24e800) Median 27
Pringle manoeuvre 67 (18.3%) 34 (30.6%)
Intensive care unit (days) Median 1 (range 0e60) Median 2 (
Mechanical ventilation (days) Median 0 (range 0e29) Median 0 (
Morbidity 120 (33%) 55 (49.5%)
Surgical complications 79 (21.6%) 36 (32.4%)
Medical complications 74 (20.2%) 30 (27.0%)
Re-operation 27 (7.4%) 12 (10.8%)
In-hospital mortality 15 (4.1%) 8 (7.2%)
Intraoperative
RBC Median 0 (range 0e69) Median 1 (
FFP Median 0 (range 0e98) Median 4 (
PPSB Median 0 (range 0-18600IE) Median 0 (
Postoperative
RBC Median 0 (range 0e14) Median 0 (
FFP Median 0 (range 0e56) Median 0 (
PPSB Median 0 (range 0e5000 IE) Median 0 (stapler vs. water-jet for major hepatic resections (n¼ 107) (Table 6).
Liver resections using CUSA (n ¼ 3), and HABIB (n ¼ 16) were
excluded from this comparative analysis due to the small number of
cases (Fig. 1).
1. Minor liver resections- electrocautery vs. stapler vs. water-jet
Statistical analyses of our data revealed no signiﬁcant difference,
other than the use of intraoperative Pringle manoeuvre, between
the different resection groups. However, some tendencies were
seen: the electrocautery group included more patients suffering
from liver cirrhosis (20.7%) compared to the stapler (12.5%) and
water-jet groups (14.3%) (Table 5a). Intra- and postoperative data
(Table 5b) showed longer operating times for the water-jet group
(median 219 min), than in the electrocautery (median 180 min) or
stapler group (median 162.5 min). The mortality rate was lower in
the electrocautery group (0) than in the stapler 2/72 (2.8%) or
water-jet groups 1/35 (2.9%), whereas re-operation was more often
necessary in the stapler group (6.9%) than in electrocautery (3.4%)
and water-jet groups (2.9%), respectively. Those observations were
not statistically signiﬁcant. Though without statistical signiﬁcance,
more complications were observed in the water-jet group. Notably,
pulmonary complications (11.4%) including pulmonary embolism,
pleural effusion and pneumonia were highest in this group as were
the rate of bilioma and biliary ﬁstula (5.7%). In contrast, cholangitis
was highest in the stapler group (2.8%) as were bleeding compli-
cations (4.2%). The highest rate of surgical site infections was
observed in the electrocautery group (8.6%).
2. Major liver resections- comparison stapler vs. water-jet
Comparative analysis of the stapler (n ¼ 81) and water-jet
(n ¼ 26) techniques was performed in n ¼ 107 major liver re-
sections. No signiﬁcant differences were observed between both
resection groups in regard to intra- and postoperative data. As with
the minor resection comparison, some trends were seen (Table 6b).
Patients in the water-jet group showed a higher median age (67
years) and a greater percentage of liver cirrhosis (23.1%) compared
to the stapler group (63 years; liver cirrhosis 7.4%), whereas pa-
tients in the stapler group showed higher rates of pre-treatment
(including chemotherapy, transarterial chemoembolization
(TACE), radiation or previous liver surgery) (43.2% vs. 30.8%),
respectively (Table 6a). The median operating time was longer in
the water-jet group (298 min) than in the stapler group (mediannor and major liver resections. RBC ¼ red blood cells; FFP ¼ fresh frozen plasma:
tic resections n ¼ 111 Minor hepatic resections n ¼ 255 p-Value
8.5 (range 32e750) Median 188 (range 24e800) 0.001
33 (13%) 0.005
range 0e40) Median 1 (range 0e60) 0.001
range 0e25) Median 0 (range 0e29) 0.283
65 (25.7%) <0.001
43 (17%) 0.002
44 (17.3%) 0.072
15 (5.9%) 0.159
7 (2.8%) 0.099
range 0e12) Median 0 (range 0e69) <0.001
range 0e36) Median 0 (range 0e98) <0.001
range 0e1200 IE) Median 0 (range 0-18600IE) 0.485
range 0e11) Median 0 (range 0e14) 0.016
range 0e56) Median 0 (range 0e18) <0.001
range 0e5000 IE) Median 0 (range 0e4200 IE) 0.094
Table 5
(a): Patients’ characteristics of the comparative analysis between electrocautery vs. stapler vs. water-jet in n ¼ 165 minor liver resections. (b): Comparative analysis between
electrocautery vs. stapler vs. water-jet in n ¼ 165 minor liver resections. Intra- and postoperative parameters.
Electrocautery n ¼ 58 Stapler n ¼ 72 Water-jet n ¼ 35
Median
Age (years) 65 66 65
ASA score ASA I:5 (8.6%) ASA I: 8(11.1%) ASA I: 1 (2.9%)
ASA II: 34 (58.7%) ASA II: 42 (58.3%) ASA II: 21 (60%)
ASA III: 18 (31%) ASA III: 21 (29.2%) ASA III: 12 (34.2%)
ASA IV: 1 (1.7%) ASA IV: 1 (1.4%) ASA IV: 1 (2.9%)
Hepatitis B 2 (3.4%) 2 (2.8%) 1 (2.9%)
Hepatitis C 3 (5.2%) 4 (5.6%) 1 (2.9%)
Liver cirrhosis 12 (20.7%) 9 (12.5%) 5 (14.3%)
MELD score Median 7 (range 7e8) Median 8 (range 6e9) Median 8.5 (range 7e18)
Pre-treatment 23 (39.7%) 25 (34.7%) 11 (31.4%)
CTX 19 (32.8%) 23 (31.9%) 27 (33.3%)
RFA 4 (6.9%) 1 (1.4%) 0
TACE 1 (1.7%) 2 (2.8%) 1 (2.9%)
Radiation 4 (6.9%) 6 (8.3%) 0
Preliminary liver resection 19 (32.8%) 15 (20.8%) 10 (28.6%)
Electrocautery n ¼ 58 Stapler n ¼ 72 Water-jet n ¼ 35 p-Value
Operating time (minutes) Median 180 min (range 24e435) Median 162.50 (range 59e559) Median 219 min (range 95e407) 0.053
Pringle manoeuvre 9 (15.5%) 13 (18.1%) 7 (20%) 0.042
Intensive care unit (days) Median 1 (range 0e14) Median 0.5 (range 0e31) Median 1 (range 0e16) 0.124
Mechanical ventilation (days) Median 0 (range 0e2) Median 0 (range 0e18) Median 0 (range 0e16) 0.198
Morbidity 14 (24%) 16 (22%) 7 (20%) 0.897
Surgical complications 8 (13.8%) 10 (13.9%) 6 (17.1%) 0.894
Non-surgical complications 9 (15.5%) 10 (13.9%) 7 (20%) 0.719
Re-operation 2 (3.4%) 5 (6.9%) 1 (2.9%) 0.549
In-hospital mortality 0 2 (2.8%) 1 (2.9%) 0.443
Intraoperative
RBC Median 0 (range 0e4) Median 0 (range 0e26) Median 0 (range 0e5) 0.729
FFP Median 0 (range 0e6) Median 0 (range 0e40) Median 0 (range 0e12) 0.599
PPSB Median 0 Median 0 (range 0e5400 IE) Median 0 0.143
Postoperative
RBC Median 0 (range 0e2) Median 0 (range 0e8) Median 0 (range 0e7) 0.747
FFP Median 0 (range 0e8) Median 0 (range 0e18) Median 0 (range 0e10) 0.185
PPSB Median 0 Median 0 (range 0e1800 IE) Median 0 (range 0e1800 IE) 0.613
ASA ¼ American Society of Anesthesiologists; MELD ¼ model of endstage liver disease; CTX ¼ chemotherapy; RFA ¼ radiofrequency ablation; TACE ¼ transarterial che-
moembolization.
RBC ¼ red blood cells; FFP ¼ fresh frozen plasma: PPSB ¼ prothrombin complex concentrate; IE ¼ international units.
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during stapler resection and a slightly longer ICU stay was neces-
sary. The re-operation rate was slightly higher in the water-jet
group (7.7% vs. 6.2%), as well as the rate of morbidity (47% vs.
54%). In comparison, the mortality rate was higher in the stapler
group (11.1% vs. 7.7%) (Table 6b).
In more detail, the rate of bilioma and biliary ﬁstula was higher
in the water-jet group (23%) whereas cholangitis occurred more
often after stapler hepatectomy (6.2%). While stapler hepatectomy
was associated with more intraabdominal abscess (13.6%) and
sepsis (2.5%), water-jet liver dissection showed more pulmonary
(19.1%), renal complications (7.6%) and was associated with higher
rate of temporary liver insufﬁciency (11%).
3.3. Resection margins
Histopathological analysis of the resection margins of the whole
cohort revealed R0 resection rate in 77%, R1 in 12 %, R2 in 5% and Rx
in 6%.
Comparing major and minor liver resections we registered an
overall rate of R0 in 78%, R1 in 12 %, R2 in 3 % and Rx in 7% in major
resections. In detail comparing different resection techniques for
major hepatectomies we noted 81% R0, 4% R1, 4% R2 and 11 % Rx
resection rates in the stapler group whereas R0 resection rate was
chronicled in 100% in the water jet group.
In minor hepatectomies, 77% showed R0,12% R1, 7% R2 and 4% Rx
resection rates. Comparing the different resection techniques in mi-
nor hepatectomies we found 69% R0 and 31% R1 in the elctrocauterygroup,whereas 71%R0,14%R1and4%R2 and 11%Rxwere seen in the
stapler group. The water- jet group showed 75% R0, 25% R1.
3.4. Cost-effectiveness calculation
Amedian number of 6 roticulators (range from 1e21) were used
per stapler hepatectomy. In greater detail: a median number of 10
roticulators were necessary for major stapler hepatectomies,
whereas a median of 6 roticulators were necessary in minor stapler
hepatectomies.
Thus, the additional material costs for stapler hepatectomy
varied between 258 and 3158 Euros (median 1008 Euros); (a me-
dian of 1608 Euros for major hepatectomies and a median of
1008 Euros for minor hepatectomies, respectively). For water-jet
hepatectomies, additional costs of median 100 Euros/operation
were calculated for minor, as well as for major hepatectomies. The
usage of electrocautery did not lead to additional material costs.
The median cost of operating time (calculated with 13 Euros/min-
ute) for major hepatectomies was 3471 Euros for stapler hepatec-
tomies and 3874 Euros for water-jet hepatectomies. For minor
hepatectomies, the median cost of operating time was 2340 Euros
for electrocautery, 2113 Euros for the stapler and 2847 Euros for
water-jet dissection (Table 7).
4. Discussion
Various liver transection techniques are compared in several
studies in the literature.
Table 6
a): Patients’ characteristics of the comparative analysis between stapler vs. water-jet in n ¼ 107 major liver resections. (b): Comparative analysis between stapler vs. water-jet
in n ¼ 107 major liver resections. Intra- and postoperative results.
Stapler n ¼ 81 Water-jet n ¼ 26
ASA ASA I: 6 (7.4%) ASA I: 2 (7.7%)
ASA II: 51 (63%) ASA II: 16 (61.5%)
ASA III: 24 (29.6%) ASA III: 8 (30.8%)
Hepatitis B 3 (3.7%) 2 (7.7%)
Hepatitis C 3 (3.7%) 0
Liver cirrhosis 6 (7.4%) 6 (23.1%)
MELD score Median 6 (range 6e8) Median 6 (range 6e8)
Pre-treatment 35 (43.2%) 8 (30.8%)
CTX 27 (33.3%) 4 (15.4%)
RFA 2 (2.5%) 0
TACE 9 (11.1%) 6 (23.1%)
Radiation 3 (3.7%) 1 (3.8%)
Preliminary liver resection 11 (13.6%) 4 (15.4%)
Stapler n ¼ 81 Water-jet n ¼ 26 p-Value
Age (years) Median 63 Median 67 0.139
Operating time (minutes) Median 267 (range 71e750) Median 298 (range 136e553) 0.492
Pringle manoeuvre 26 (32.1%) 7 (26.9%) <0.001
Intensive care unit (days) Median 2(range 0e40) Median 2 (range 0e10) 0.563
Mechanical ventilation (days) Median 0 (range 0e29) Median 0 (range 0e5) 0.107
Morbidity 38 (47%) 14 (54%) 0.697
Surgical complications 25 (30.9%) 9 (34.6%) 0.908
Medical complications 19 (23.5%) 7 (26.9%) 0.949
Re-operation 5 (6.2%) 2 (7.7%) 0.898
In-hospital mortality 9 (11.1%) 2 (7.7%) 0.855
Intraoperative
RBC Median 1 (range 0e12) Median 1 (range 0e10) 0.95
FFP Median 4 (range 0e36) Median 1 (range 0e24) 0.383
PPSB Median 0 (range 0e1200 IE) Median 0 0.577
Postoperative
RBC Median 0 (range 0e11) Median 0 (range 0e4) 0.45
FFP Median 0 (range 0e56) Median 0 (range 0e18) 0.342
PPSB Median 0 (range 0e1500 IE) Median 0 (range 0e5000 IE) 0.463
ASA ¼ American Society of Anesthesiologists; MELD ¼ model of endstage liver disease; CTX ¼ chemotherapy; RFA ¼ radiofrequency ablation; TACE ¼ transarterial che-
moembolization.
RBC ¼ red blood cells; FFP ¼ fresh frozen plasma: PPSB ¼ prothrombin complex concentrate; IE ¼ international units.
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ORIGINAL RESEARCHIn a comparative analysis of clamp crushing, water-jet, CUSA
and dissecting sealer, Lesurtel et al. described the advantages of the
clamp crushing technique (shorter operating times and reduced
blood loss) over the CUSA and water-jet techniques, in a random-
ized controlled trial.24 By comparison, Fan and other authors report
advantages of the CUSA technique over the clamp crushing tech-
nique in a retrospective analysis.31 Other comparative analyses
revealed no differences between clamp crushing and CUSA; espe-
cially in operation time.29,30 Another group compared the crush
clamping technique, the stapler and the dissecting sealer. No sig-
niﬁcant differences with regard to the need for transfusion, or ICU
and hospital stay were reported, whereas some variation in
connection with biliary leakage (without statistical signiﬁcance)
was seen.28 Delis et al. compared the crush clamping technique and
the radiofrequencyeassisted liver resection technique (Habib).
Even though the crush clamping technique showed shorter oper-
ating time with the same amount of blood loss, the authorsTable 7
Cost-effectiveness calculation for the different liver transection techniques.
Minor hepatectomy
Transection technique Electrocautery Stapler
Median operating time 180 min 162.5 min
Median price for operating time 2340 Euro 2113 Euro
Median additional material costs / 108 Euro þ
900 Euro
Median summary of additional
material costs and operating
time costs
2340 Euro 3121 Euroconclude that the radiofrequency-assisted liver resection technique
is reliable in cirrhotic patients.32 However, no clear advantage of
one particular method is proven.
In comparison with other centers, monopolar or bipolar elec-
trocautery, vascular stapler and the water-jet technique were
mainly used for liver transections in our center. CUSA or tissue link
dissecting sealer was rarely used. The radiofrequency-assisted liver
transection technique was used exceptionally in a small number of
patients and was therefore not included into the comparative
analysis.
In this study, we were able to show clear differences between
major hepatic resections (3 liver segments resected) and minor
hepatic resections (<3 liver segments resected). This result is not
surprising and is in accordance with the literature.33,34 Operation
time was signiﬁcantly longer in major hepatic resections. Further-
more, the total rate of morbidity and surgical morbidity was
signiﬁcantly higher in major hepatic resections. However, thereMajor hepatectomy
Water-Jet Stapler Water-Jet
219 min 267 min 298 min
2847 Euro 3471 Euro 3874 Euro
100 Euro 108 Euro þ 1500 Euro 100 Euro
2947 Euro 5079 Euro 3974 Euro
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ORIGINAL RESEARCHwas no signiﬁcant difference in medical complications between
major and minor hepatic resections. The need for intra- and post-
operative transfusion of red blood cells and fresh frozen plasmawas
signiﬁcantly higher in major resections. Therefore, minor hepatic
resections should, if possible, always be given priority. Especially in
patients with colorectal metastases, minor hepatic resections
should be favoured if technically feasible. Major liver resections
were mostly performed by stapler and water-jet, whereas minor
resections were mostly conducted using the stapler, water-jet or
electrocautery. Statistically signiﬁcant variation was shown be-
tween minor and major resections, regardless of the transection
device. There were no signiﬁcant differences found between the
various transection techniques analysed for minor and major re-
sections. However, some trends were seen. Similar to other studies,
stapler hepatectomy resulted in the fastest operating time for mi-
nor and major liver resections, whereas the water-jet required the
longest operative period in both groups.16 In both minor and major
resections, the need for intraoperative blood transfusion was
highest in the stapler group. In minor resections, liver dissections
using electrocautery required the lowest blood transfusion.
In contrast to other studies, the highest morbidity rate was seen
in the water-jet dissection group for minor and major liver re-
sections. Particularly, pulmonary complications occurred most
frequently after water-jet hepatectomies. This could be procedure-
related. Due to the jet of water, material may be ﬂushed into the
blood circulation, causing pulmonary problems. There is only one
case report in the literature, describing a pulmonary embolism in a
young patient during a liver resectionwith the water-jet.35 In other
studies, there was no evidence for an increased risk of pulmonary
complications after water-jet dissection.36 In contrast, Koo et al.
describe a higher incidence of venous air embolisms in liver dis-
sections performed with CUSA.30 Furthermore, biliary complica-
tions seem to be higher after water-jet dissection. These results
partially contradict the literature. Most authors do not report a
higher incidence of biliary complications and there is only one
group who has reported a higher incidence of biliary abscesses.37
Some authors in favour of the vascular stapler argue that shorter
operation times justify higher material costs, others argue that
stapler hepatectomies tend to showmore biliary complications.16,38
In our data, stapler hepatectomies resulted in shorter operating
times in both minor and major liver resections, even though no
statistically signiﬁcant advantage over the other methods analysed
was seen. Our internal cost-effectiveness analysis of the different
techniques revealed a clear disadvantage for stapler hepatectomy:
the median time saved during stapler hepatectomies in major re-
sections was 52 min  13 Euros (or 403 Euros), as compared to the
water-jet. In minor hepatectomies, stapler hepatectomy could
reduce the operating time by a median of 17 min (or 227 Euros),
compared to electrocautery, or 56 min (or 734 Euros) compared to
water-jet dissection. The median additional material costs were
approximately 1500 Euros compared to the water-jet technique for
major hepatectomies, app. 1000 Euros compared to the electro-
cautery and app. 900 Euros compared to the water-jet for minor
hepatectomies. Thus, there is no economic beneﬁt, neither for
minor nor for major liver resections, conferred by reduced oper-
ating time in stapler hepatectomies.
In summary, in this single-centre analysis, a signiﬁcant advan-
tage for minor hepatic resection, in comparison with major liver
resection could be shown. The various liver transection techniques
did not produce any statistically signiﬁcant advantage for any one
particular method used inminor or major hepatectomies. However,
minorhepatic resections can be performed safely,withoutmortality
and with low morbidity, by using electrocautery. The water-jet
technique can be considered as a reliable liver transection tech-
nique formajor andminor liver resections. Economic disadvantageswere shown in our cost-effectiveness analysis for stapler hepatec-
tomies. Careful consideration of the additional costs, and if they
justify the use of stapler devices in liver surgery, is recommended.
However, the choice of transection technique is strongly dependent
on the surgeon and his/her preference.
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